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P 1 7 ABsm4cT 

2-(4.p~ridvl)-5-aryloxazoles and certain quatemary , 
salts of &se compounds are useful as visible- 
wavelength king dyes. These dyes axe used in solution 
with non-interfering polar solvents, such as low molec- 
ular weight alcahols, H20, and I&O, to form king 
media useful in dye lasers. Such lasers generally include 
a reservoir for containing the laser dye solution and a 
pumping energy source operably coupled therewith for 
producing stimulated emission of the dye solution. 

18 claims, No Drawings 
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,P> DYE LASERS USi% 
~-(~PYRIDYL)-5=ARYLOXAZOtES AND 

4Jo6.368 

QUATERNARY SALTS OF THESE COh!POt’KDS 

This invention relates to lasers and more particuIarl>m 
to organic dye &xs. 

In recent years, organic dve lasers have become im- 
portant took for spectr&py, photochemistry, and 
laser isotope separation. Thae and other applicarions 
are discussed by T. W. H’;insch in “Applications of Dye 
I,ALWS,” chapter 5 of Dye Luwrsl F. P. S&ifer, ed. 
(Springer-Verlag, New York & Htidelberg, Berlin 
1973). Due txrsers &o provides detailed discussions on 
the principles of dye laser operation and the thmry and 
structure of laser dye. 

Liquid organic dye lasers of&r a numbet of advan- 
tages over gas or solid state 1a&. One advantage is that 
a large number of organic lasing dyes are available that 
cover a broad range of the ektromagnetic ~p~trum 

(near UV to near IR). Moreover, the dye lasers maj; Ix 
tuned by such means as varying the concentration of 
dve or replacing one of the reflectins ends of the laser 
c&y with a diffraction grating. Dye lasers aho offer 
the advantage of being more economicat. Finally, rhe 
liquid dye laxrs will not crack as do solid Iasers. 

There is considerable intertsst in the development of 
high efficiencv organic dves for high energy dve laws 
operating in the blue-g&n spectral regkardund 480 
nm for applications which involve undenctatsr commu- 
nichms, surveillance, viewing, range earing. etc. 
These laser dyes should show high photochemical sta- 
bility even when high energy flashlamp excitation is 
used to stimulate laser emission from the dyes. 

Only a small ponion of the broad band radiation from 
flash lamps is absorbed by most state-of-the-art laser 
dyes. The unabsorbed radiation is lost bv thermal&t& 
within the optical cavity of the laser. Uifonunately, the 
refractive indexes of most soivents are sensitive to tem- 
perature change. HQ and Dp3 are preferred because of 
their large heat capacities and small variation of refrac- 
tive index with temperature changes. AdditionaIl>-. 
H:O and DzO have good photostabilities and are non- 
flammable. Therefore, it would be particulark desirable 
to find photochernically stable. high effi&ncy laser 
dveS which are soluble in water. I 

St’MbfARY OF THE W-VENTIUX 
Accordin&, one object of this invention is to pro- 

vide novel dye lasers which lase in the blue-green wwe- 
length region. 

Yet another object of this invention is to prolride dye 
hers using water or heavy wafer as the soivent. 

A further object of this invention is to prwide dye 
lasers Lvhich use dyes having good photochemiczi sta- 
bility. 

Stil! another object of this invention is to ~twide 
organic dye lasers urhich cxn be tuned over a relarkej~~ 
SrCad range of the emission spectrum. 

These and other objects of this invention are 
achieved by providing: 3 dye laser ccmprising 3 laser 
dye solution and a pumping energy source op~rahl! 
coupled thereAh and capable of producing stknulatcti 
emission of rhe dye solution. the dye solution compris- 
ing a lasin_g concentration in a non-interferring solwnt 
of a dye having the following formula . 
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Ar’, ,o, 
c c 

,.A’ 
II Ii -s 5 c 

/ 
R 

wherein 
(A) R is selected from the rrroup consisring of )-I and b 

IQ Cl-i;: 
(B) Ar is selected from the group consisting of 

20 

wherein 
,5 (I ) n is an integer of from 1 through 10: II 

(2) R’ is selected from the group consistine of 4% 
-D,- -CD$ CD,:CD~--. CF>CKL-. 
ff $qCD~--, lower aikyl of from i K) IO carbon 
atoms. 

30 

-CH~CH$h+L 

wherein p is 1 or 2 and m is an integer of from 1 

40 
through 10; and 

(3) Xc- is an znion: and 
(C) Ar’ is selected from the group consistinp: of 

50 



4,SO6,~68 

Cl-!,:0 

(?vi, 
0 

but preferabI> 

when a quaternary salt having good solubiliry in I-I20 or 
I310 is desired. 

fn the above formula, Ar represents I 

-R’X - 

[I IT] 

Compounds hake functional groups 11 and III are 
preferred because &ey are’ quaternary salts and thus 
more soluble in I-l:0 and D:U; quaternary salts contain- 
ing group 111 are the more preferred. U’hen Ar repre- 
sents group II, n is an integer of from I to IO. 

When Ar is group III. R’ is -I-i, 42. CD:-. 
CD:CDp-F CF$X+-•, CF+XzCD2--. lower alkyd of 
from 1 to 10 carbon atoms, 

wherein p is 1 or 2 and m is an integer of from 1 throtigh 
10. R’ is preferabl_v 4-I. 43, and lower alkyl of from 
i to 10 carbon atoms. R’ k more preferably 4-L 43. 
or -C%. The R’s preferred are those which produce 
quatern& sairs hwing good soiubiiity in HQ tinti 
II:@. 

4 

4-[2-(~.pben!~)oxazol~~l)]pl;ridinium p-toiuenesulfonate 
(lPyPO-HPTS). 

~-[~-(5-phen~loxazo~~~j~]p~ridinium hvdrochloride I 
~4P~PO--I-ICI). 

3-[?-(5phen -1 > oxazoIyl)]-i-meth~,ip~ridinium p-tojuene- 
sulfonare (4PvPO-.UePTS). 

1-(l-pvridvli-5-p-methoxvph~n~~~oxazole (JPyMPO). 
J-[l-(,i-p-methoxvphen~l~xa~o~~~~lp~r~diniu~ perchio- 

rate (4PvMPU-KIOJ). 1 
3-[2-(5-p-methox~phenyloxazol~i)]psridinium p-t 010 

uenesulfonate (4fvMPO-HPTS), 
4-[~-~~-p-mcrhoxvph~n~~o~a~ol~~)]~~ridinium I hvdro- 

chloride (4PyMPU-WI), and 
3-[(2-(S-p-methoxyphen~loxazol~.I1]-t-meth~1- 

pvridinium p-toluenesulfonate (3PvMPO-MePTS). 
?;ny non-interferring solvent (i.e.: one that doesn’t 

inhibit stimulated emission) may be used in the laser. 
Water, deuterium oxide; eth;inoL methanol. acetonitrik. 
and dimethylsuifoxide are examples of suitable soknts. 
Water and deuterium oxide are the preferred solvents 
because of their high specific heat coefficients. good 
phorochemical stabilities. and small variation of refrac- 
tive index witI~ temperature changes. Obviously. the 
solubility of the dye is a critical factor in selecting a 
solvent. 

-4 concentration of from IO- W to 10 - W of laser 
dye in solvent is used. A dve concentration of from 
IO- 2.M to 10-W is preferred because it results in a 
larger energy outpu f. 

Conventiona liquid laser apparatus. such as that de- 
scribed by Sorokin et al., IBM Journal. V 11. p- 14s 
(1967). may be used with the lasing media of the present 
invention. The examples of the present disclosure pro- 
\lide specific illustrations of lasers which may be used. 

The lasing dyes used in the present invention have 
high photochemical stability. .Moreover, the chemical 
decomposition products may be separated by physical 
mean3 from the dyes. Thus, it is possible to circulate the 
jasing dye solution, remove the decomposition prod- 
ucts. and replenish the dye in one continuous process. 

The general nature of the invention having been set 
forth, tie followin@ examples are presented is specific 
ihstrations thereof. It will be understood that the in- 
vention is nor limited TO rhese specific examples but is 
susceptible to ~~trious modifications that ~111 be recog- 
nized b>’ one of ordinary skill in the art. 

ENPERIMEYTAL 
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“Uxazole Quaternary Salts,” J. .4mer. Chem. SK., 38. 
( 1956) pp. 1941-4, herein incorporated by reference. 

EXAMPLE 1 

Synthesis of ~-~4-pyridv~)-5-phenvlo~a~ole 1 I 
Isonicotjnic acid was reflur;ed with an ~NXSS of thio- 

nyl chloride to produce isonicotinic acid chloride. After 
the excess thionyl chloride wa removed, the crude 
isonicotinic acid I3-pyridinecarboxv~ic acid) chloride 
was dissokd in pyridine and an equal number of moles 
of commercially available (from *Aldrich Chemical Co.. 
Inc.) of a-aminoacetophenone hydrochloride WAS 
added slowly ulith mixing. The mixture was then heated 
on a boiling water bath for 2 hours and then drowned in 
water t0 precipitate the product Q- 
isonicotinamidoacetophenone. which was then recrys- 
tallized from hexane. FinalIy, the a- 
isonicotinamidoacetophenone was rebxed in a mixture 
of acetic anhydride (40 partsj and 90% phosphoric acid 
(3 parts) to form 2-(4-pyridy~)-Z-p~envloxazole 
(4PvPO). Bv starting with 2-pvridinecarboxvlic acid or 
3-&dine&box& acid, the above method may be 
used to produce 2-(2-pYridyl)-5-phenyIoxazole (2PyPOi 
or 2-(3-pvridyl)-5-phenyloxazo~e (3PyPO), respec- I 
tivel y. 

Because of the high reactivitv of the non-bonding 
electrons on the pyridyl nitrogen itom, 2PyPQ3PyPU. 
and 4PsPO are capable af undergoing hundreds of 
known reactions for pvridine derivatives [see Pvridine 
and irs Derr’vurives, Ervk Klingsberg, Ed., Park I-IV, 
Interscience Publishers, Inc., New York (1960) for ex- 
amyles]. 

P 7 Conventional techniques were used to convert the 
3PyPU to its quaternary salts used in the examples 4 
through 9. 

EXAMPLE 2 

Svnthesis of p-methoxvphenvlammonium chloride I I m 
A solution of 98% pure cr-bromo-p-methox- 

yacetophenone (obtained commercially from Aldrich 
Chemical Co., inc..) (200 e. >:0.98= 196 g,, 0.56 moies) 
in chloroform (300 ml) was added dropwise to a stirred 
mixture of he>;amethylene tetramine (I 19.95 g., 0.86 
moles1 in 600 ml. of chloroform. The mixture immedi- 
arei? warmed to W C. and the product began to precip- 
itate. The reaction mixture was aHowed to stir for 2 
hours, filt ere”, and kvashed with chloroform (600 ml! 
and air dryed gking a beige colored methykne tetra- 
mine quatrrnarba salt (314.23 ,e, 98.95 percent yield) m.p. 
IW-171” c. 

The hexamerhyIene tetramine quaternary salt (40.00 

6 
EXAMPLE 3 

Svnthesis of 21-(40pyridyl)--p-methox~phen\rloxazole * 
Iscmicotinic acid (2.93 g., 0.0935 moIe) and thionyI 

chloride f-50 mi) was refluxed for 1 hour. The crude acid 
chloride ivhich remained after removal of excess thio- 
n>vl chloride at diminished pressure ~‘as dissolved in dry 
pyridine (200 ml) and p-methoxy phena@ammonium 
chloride (19.00 g, 0.938 mole) ws added portion wise 
to the stirred solution. During the addition. an exotherm 
occurred which raised the temperature of the stirred 
mixture to 40” C. After the addition was compkted, the 
reaction mixture was heated zlnd stirred on a boiling 
water bath for 2 hours and then poured into ice-water to 
precipitate the product. The solid was cokcted and 
dried under reduced pressure to give 12.07 g- (yield 
48%) of a-isonicotinamido-p-rnetfioxyacetoph~none 
m.p. 227*-X0” C. (with decomposition). 

h-isonicot~*~mido-p-methoxvacetophenone (I 1.5 g,, 
0.033 mole) was added portion-uke to a stirred solution 
of 200 ml of acetic anhydride and I5 ml of 90% phos- 
phoric acid; during the addition an exotherm raised the 
reaction temperature to 40” C. After the addition was 
complete the reaction Inixture w*as stirred and refluxed 
for 2 hours. After cooling, the supernatant liauid was 
decanted from the viscous precipirate. which ks crys- 
tailized by titration with 350 ml of I% aqueous sodium 
hydroxide. The yellow solid U’S filtered, washed with 
distilled water (2bO ml), and dried in \*acuo yielding 7.76 
g. (yield 72%) of 2-(4-pyrid~*~)-5-p-methoxypheny~~x~ 
azde, m-p. 105”-107” C. 

By starting with Lpyridinecarboxylic acid or S- 
pyridinecarboxyIic acid the above methad may be used 
to produce ~-(2-p~ridvl)-5-p-methoxvphenvloxazole 
(2PyMPOj or 2-(3-F~ridC1)-5-p-me:haz;Gphen;loxaz~le 
(3PWPO), respectiwk 

I m 

&cause of the high* reactil3y of the non-bonding 
electrons on the pyridy1 nitrogen atom! ZPyMP6 
3PyMPO. and 4PyMPQ are capable of undergoing 
hundreds of know reactions for pvridine derivatives 
[see &kdine and irs Derivcl0k, E&I Klingsberg, Ed., 
Parts I-IV, Interscience Publishers. Inc., Sew York 
( 1960)) Conventional techniques \t:ere used to convert 
the 4P~~MPO to its quaternary salts used in the follow- 
ing examples. 

In TAes I and 11. absorption spectra, including that 
taken from the literature (OTT et al.), were obtained 
using iu-4 solutions. Uncorrected fluorescence spectra 
were obtained using 10 -% soiurions (IO mm path 
lenerhj on 2 Perkk-Elmer l PF-2.4 Spectrophotome- 
ter. 

EXAMPLE 4 
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4PyPO in dioxsne and 39,CO-4020 A in absolute ethanol. 
This data is show in Table 1. Also included in Table 1 

I-+ 
IS data from the literarure. 

TABLE I 

IIves were pumped urith an AVCO pulsed nitrogen 
laseri - - - x L 1 nm (100 KW peak Power). Absorption kd 
fluorescence specrrai data is reported bv D. G. Ott. F. 
N. Haves. E. Hansburv and V. N Kerr, :‘Liquid Scintil- 
lators il. .%bscrption and Fluorescence Spectral of 2.5 
Diarvloxazcles and Related Compounds”, J .4 mer. 
&&r. Sot. 79. W8 ( 1957), Lasine spectral data for 
PPO is reporred by -M: Maeda andck. Miyazoe, “Effi- 
cient Ultraviolet Organic Liquid Laser Pumped by a 
High Power Yirroesn Laser”, Jqon. J, ,4ppl. Phvs., 13, 
827 (1974). c 

w 

EXA.MfLE 5 
The prwedure used in example 4 was used to test 

solutions of I x IO- %I Q-[~-(5-phenyloxazolyl)]-)- 
pyridinium hydrochloride (4PyPO-HCl), 4-[Z-(5- 
phenyloxatolyl)]-I -methylpyridinium p-toluenesulfon- 
ate (4PyPOGMePTS). and Eastman Kodak grade Cou- 
marin 175 in deionized eater, The Iasing wavele@s 
were 5040 A fur 4PyPO-HCl (at pH2), 5060 ,4 for 
4PyPO-MePTS. and 3570 A forcoumarin 175. These 
results are Iisted in Table II in nm, 

8 
or 2 x 1WM sulutions in water. The dye laser of exam- 
ples 4 and 5 was modified by replacing the “high reflec- 
tivity” mirror in the optica cavity with a Gffraction 
grating As in Examples 4, and 5, the output of the 
pumping laser was at 3371 A in the ultraGolet* Couma- 
rin 175, 4P~PO---WPTS. and 4P>WW-+MePTS 
shoured broad tuning ranges of 429-470 nm, 370-549 
nm, and W-634 nm respectively. The results are listed 
in Tabie III. 

TABLE III 

EXAMPLE 7 
The flashlamp pumped dye laser used in this experi- 

ment was the same one described by E. 3. Schimitschek, 
3. A. Trias, P. R. Hammond and R. L. Atkins “Laser 
Performance and Stability of FIuorinated Coumarin 
&es”. Opt Commun., 1 I, 352 (1974). About 0.2 m1 of 
thk particular dye solution contained in a quartz capil- 
larv cell was repetitivelv exposed to the lieht of a linear 
flashlamp, energized dy a low induct&e capacitor 
charged to 5 Joules. The light from the flashlamp was 
passed through an AMERSIL type M-68 Ozone free 
quartz deeve with a &-off wavelength at 220 nm, 
before it reached the dye solution. The elliptical laser 
head. consisting of an opticallv finished aluminized 
quartz sleeve, was completely filled with water. The 
repetition rate was kept at US Hz to minimize heating of 
the stationary dye solution. Spherical mirrors of 12.5 cm 
radius of curvature in direct contact with the dye solu- 
tion and reflectivities of 99% and SO%? respectively, 
formed the resonator, 

For each dye solution? the initial peak output power 
and the number of shots to the 50% decline point of that 
pourer was measured. The untuned lasing wavelength 
has recorded at the be_einning of each test with a Beck 
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PO-MePTS) in deionized water. and &o CSF in ahso- 
lute ethanol. The energy input into the flashlamp was 
5J. 

The results given in Table IV show that 4PvPQ--- 
MePTS and 4PyPO--HCl exhibit more than thirty- 5 
times the life of coumarin 175 to one-half power. CSF. 

+>~i~Q --rCH:l,-sc,L 

/ 
which is one of the most photochemically stable lacer K 
dyes reported to date (by Schmitschek et al.. suwa). 
exhibited 124 times the life of coumarjn 175 to on&half wherein n is an integer of from 1 through 10 and R is 
power. Unfortunately, C8F does not lase in pure wafer 10 I selecred from the group consistinS of -H and -WI. 
because of limited solubiiity and low fluorescence quan- 5. A dve laser comprisinp a laser dve solution and a 
turn eficiency. pumping9 energy source operably c&pled therewith 

EXAMPLE 9 
Lasin_e data was also obtained for 2-(4-pyridylI&p- 

me:hoxyphenyoxazole and some of its pyridinium salts. ;c 
This is presented in Table V, I m 

TABLE V 

and capable of producing stimulated emission of the dye 
solution, the dye solution comprising a lasing concen- 
tration in a non-interferirg solvent selected@ from the 
group consisting of H:U. D:O. and mixtures thereof of 
a dye which is aquaternary salt selected from the group 
consisting of 4-[2-(5-F-methox~-phen~.loxazrrl~l)- 
jpyridinium p-toluenesulfonare, 
4-[2-(c-p-methox~Fhenvioxazoii~)]~~ridinium hydra- 

chloride. and 
3-[‘-(5-p-methox~phen~loxazol1rl)]-l-meth~l- 

pyridinium p-toluenesulfonate. 
6. The dy laser of claim 5 wherein the dye is the 

quternary salt 4-[2-t,5-F-merho.u~‘phen~loxazcll~l)- 
]pyridinium p-toluenesulfonate. 

7. The dve laser of claim 5 wherein the dye is the 
quaternarv - salt b[Z-! c-p-metho?;~,?hen~.loxazcll~~l)- 
jp> ridiniu*rn hydrochloride. 

8. The dye laser of claim 5 \4*herein the dye is the 
quarernary salt 1-[2-(5-r-metho.~!.phen~iosazoi~l)]- I- 
metbylpyridinium p-tolUenesulfonare. 

9. .A method of producin_e coherent Iaser emission in 
the operation of a dye laser comprising the steps of 
optically pumping a dye solution to produce a popula- 
tion inversion m the wlution and stimulating an emis- 
sion of a beam of radiation lhsrefrom. rhe solution con- 
taining abwt 10 - 5 to about IO - 1 mok concentrhm 
of a !;ising dye in ;1 non-interfering solwnt selected from 
the group mmistmg of HQ. DJO. and mistures 
ihsrwf. said dye hsiq ti fcxmula as fc-Jlo~vs: 
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11. A method of producing coherent laser emission in 
the operation of 8 dye her comprising the steps Of 
opticrtlly pumping a dye solution to produce a popub- 
tion inversion in the solurion and stimulating an emis- 
sion of a beam of radiation therefrom, the sdutian con- Z 
taining 3bOut IO- to about IO- ) n-~&r concentrntkn 
of a king dye-in a non-interfering s~bst selected f’rom 
the group consistiq of H$l. III:. and mistures Uwreof, 
said dye being a quaternary salt wiected from the group 
consisting of i (1 

4-[2-(5-p-meth~>r~phen~~~~az~i~,~~]p~ridtnium p-101- 
uenesulfonate, 

3-[2-(5-p-methos~phenS,loxazo~~~)!-? -methyl- 15 
pyridinium p-toluenesuifonatc. 
12. .4 method nccording to claim II wherein the 

solution contains from KY to NW molar concentra- 
tion of a iasing dye. 

20 


